The levels of resveratrol produced by hairy root cultures of Scutellaria baicalensis were investigated using different media of varying strengths and in the presence of various concentrations of auxins. The levels of resveratrol were higher when the hairy root cultures were maintained in full-strength Murashige and Skoog (MS) medium when compared with other growth media. The cultures grown in full-strength MS medium produced 2.5-fold higher resveratrol than those grown in half-strength B5 medium-the lowest resveratrol-producing medium. The levels of resveratrol varied significantly when cultures were grown in full-strength MS with varying concentrations of auxins. Supplementation of the media with the auxin indole acetic acid (IAA) at 0.1 mg/L produced the highest accumulation of resveratrol. Our findings reveal a valuable alternative approach for the production of resveratrol from S. baicalensis.
The dried roots of Scutellaria baicalensis Georgi (family Lamiaceae), commonly known as Baikal Skullcap, have been widely used in traditional Oriental herbal medicine as Huang Qin. The roots are used to treat bacterial and viral infections, reduce total cholesterol levels, and depress blood pressure; they have also been used as anti-inflammatory and anticancer agents [1] [2] [3] [4] .
Several types of secondary metabolites, such as flavones, phenylethanoids, sterols, and essential oils, have been isolated from S. baicalensis. The dried root of this species is rich in flavonoids, particularly baicalin, baicalein, and wogonin [5, 6] . Resveratrol (3,5,4′-trihydroxystilbene) is a polyphenolic compound naturally occurring in plants and found in dietary products. It has many useful biological properties, including anti-inflammatory, antioxidant, and anti-infective properties, and has promising therapeutic activity in various cancers, including breast, prostate, and neuroblastoma [7] [8] [9] [10] [11] [12] .
Hairy root cultures are an efficient alternative method for the production of bioactive phytochemicals from many plant species. Currently, hairy root cultures have attracted considerable attention in the pharmaceutical and biotechnology industries because of their genetic and biochemical stability, rapid growth rate without exogenous hormone treatment, independence from seasonal and geographical conditions, and ability to synthesize natural compounds at levels comparable with those found in plants grown in vivo [13] [14] [15] .
In vitro production of trans-resveratrol from the hairy root culture of Arachis hypogaea has been reported [16] [17] [18] [19] , but, to our knowledge, the production of resveratrol from the hairy root culture Recently, we established a culture of S. baicalensis yielding higher amount of hairy root production and different flavones, i.e., baicalin, baicalein, and wogonin, by using different media of varying strengths in the presence of various concentrations of auxins [20] . In this study, we identified resveratrol from the hairy root culture of S. baicalensis and determined the culture conditions for facilitating the highest accumulation of resveratrol. The medium that showed better accumulation of resveratrol is shown in Figure 1 .
The level of resveratrol varied widely among the different media. Among these, full-strength MS media significantly produced the highest amount of resveratrol ( Figure 1 ). The amount of resveratrol from full-strength MS medium was almost double that obtained from any other media and was 2.5 times higher than that of halfstrength BS, the lowest resveratrol-producing medium. Our results revealed that the levels of resveratrol varied significantly under various auxin treatments when MS medium was used ( Figure 2 ). The MS medium supplemented with auxins, particularly 0.1 mg/L IAA, afforded the best accumulation of resveratrol (107.0 mg/kg dry wt), showing 21% higher resveratrol production than that afforded by the control culture. None of the concentrations of IBA used improved the accumulation of resveratrol. Many factors, including temperature, light, pH, medium composition, and exogenous treatment with plant growth regulators, affect the production of secondary metabolites in the hairy root cultures of various plants [21] . The optimization of the culture medium can play an important role in the growth of the roots and the production of secondary metabolites. Kim et al. [20] reported that media composition had a significant influence on growth of hairy roots and flavone production in S. baicalensis. They also reported that the growth rates of the hairy roots did not vary significantly between auxin treatments, but auxins were observed to increase flavone production in S. baicalensis hairy root culture. They found that flavone (baicalin, baicalein, and wogonin) levels in the hairy roots of S. baicalensis were considerably higher when half-strength B 5 medium was used than when other media (full-strength MS, halfstrength SH, half-strength MS, and full-strength SH) were used, and that IAA improved the production of flavones, which is in accordance with our results. The accumulation of resveratrol was lower in the hairy root of S. baicalensis compared with resveratrol in hairy root culture of Arachis hypogaea [22, 23] .
Auxins play important roles in plant growth and root development. The enhancement of hairy root growth and secondary metabolites noted in this study is similar to the results of previous studies showing that exogenous auxin treatments enhanced the growth and natural compound production of hairy root cultures of Lippia dulcis [24] , Lobelia inflata [25] , and Panax hybrid [26] .
Our results indicate that hairy root cultures of S. baicalensis might be a valuable alternative approach for the production of resveratrol when a selective medium (i.e., full-strength MS medium) and exogenous auxins (IAA) treatments are used. 
Establishment of hairy root cultures:
We previously established a hairy root culture of S. baicalensis for producing flavones. The establishment and maintenance of the hairy root cultures were performed according to Kim et al. [20] . Hairy roots of S. baicalensis were subcultured every month on fresh agar-solidified Murashige and Skoog (MS) medium. They were transferred to and maintained in MS liquid culture medium and used for the initial experiments. They were subcultured every 21 days. Root cultures were maintained at 25°C on a gyratory shaker (100 rpm) in a growth chamber under standard cool white fluorescent tubes, with a flux rate of 35 mol·s -1 ·m -2 and a 16-h photoperiod.
For the selection of optimal medium conditions for hairy root growth and flavone production, the effects of full-and half-strength B5 [27] , MS [28] , and SH [29] media were tested. Various concentrations (0.0, 0.1, 0.5, and 1.0 mg/L) of auxins such as indole-3-acetic acid (IAA), indole-3-butyric acid (IBA), and 1-naphthaleneacetic acid (NAA) were added to the culture media to promote the growth of hairy roots and biosynthesis of flavones. After 21 days of culture, the hairy roots were harvested and lyophilized to determine the resveratrol contents. Three flasks were used for each culture condition, and the experiments were performed in duplicate.
Extraction of hairy root cultures:
A 100 mg portion (×3) of the lyophilized powder was weighed into a 2 mL Eppendorf tube, and 2 mL of methanol (MeOH) was added. The mixture was vortexed for 5 min, and the solution was allowed to stand for 24 h in the dark.
After centrifugation (at 12,000 rpm and 4°C for 15 min) and filtration (0.45-µm PTFE hydrophilic syringe filter, Ø 13 mm), the supernatants of each extract were poured into a 10 mL test tube and combined. The combined extract was concentrated by evaporation, 3.5 mL MeOH was added, and the mixture sonicated using a Powersonic 410 sonicator (500 W; Hwa-Shin Instrument Co. Ltd., Seoul, Korea) at low level for 10 min at room temperature until the extract was suspended. The concentrated material was transferred to HPLC vials.
HPLC analysis for resveratrol:
The filtrate of resveratrol was analyzed using a Perkin Elmer Flexar HPLC system (Shelton, CT, USA), equipped with a photodiode array (PDA) LC detector. [30, 31] . Detection wavelength and column oven temperature were set at 306 nm and 40°C, respectively. The flow rate was 1.0 mL/min, and the sample injection volume was 20 μL. Resveratrol was identified by comparing the HPLC retention time with that of an authentic standard (trans-resveratrol), and 1 sample from a group of closely related samples was spiked for confirmation. The amount of resveratrol was quantified by comparing the HPLC peak area with that of the external standard and expressed as mg per g dry weight.
Statistical analysis: Data were subjected to analysis of variance (ANOVA) with sums of squares partitioned to reflect trial effects 
